Background: Several clinical practice guidelines suggest using atypical over typical antipsychotics in patients diagnosed with schizophrenia. Nevertheless, cost-containment policy urged restricting usage of atypical antipsychotics and switching from atypical to typical antipsychotics. Objective: This study aimed to evaluate clinical and economic impacts of switching from atypical to typical antipsychotics in schizophrenia patients in Thailand. Methods: From October 2010 through September 2013, a retrospective cohort study was performed utilizing electronic database of two tertiary hospitals. Schizophrenia patients aged 18 years or older and being treated with atypical antipsychotics were included. Patients were classified as atypical antipsychotic switching group if they switched to typical antipsychotics after 180 days of continual atypical antipsychotics therapy. Outcomes were schizophrenia-related hospitalization and total health care cost. Logistic and Poisson regression were used to evaluate the risk of hospitalization, and generalized linear model with gamma distribution was used to determine the health care cost. All analyses were adjusted by employing propensity score and multivariable analyses. All cost estimates were adjusted according to 2013 consumer price index and converted to US$ at an exchange rate of 32.85 Thai bahts/US$. Results: A total of 2,354 patients were included. Of them, 166 (7.1%) patients switched to typical antipsychotics. The adjusted odds ratio for schizophrenia-related hospitalization in atypical antipsychotic switching group was 1.87 (95% confidence interval [CI] 1.23-2.83). The adjusted incidence rate ratio was 2.44 (95% CI 1.57-3.79) for schizophrenia-related hospitalizations. The average total health care cost was lower in patients with antipsychotic switching (-$64; 95% CI -$459 to $332). Conclusion: Switching from atypical to typical antipsychotics is associated with an increased risk of schizophrenia-related hospitalization. Nonetheless, association with average total health care cost was not observed. These findings can be of use as a part of evidence in executing prospective cost-containment policy.
Introduction
Schizophrenia is one of the most debilitating mental disorders with high disability rate. 1 The global prevalence of schizophrenia is ∼1%. 2 Since 2004, it has been ranked as the fifth and sixth cause of health-related morbidity among males and females, respectively, worldwide. 3 Schizophrenia is significantly associated with humanistic 4 and economic burdens internationally, especially in Asia. 5, 6 ClinicoEconomics and Outcomes Research Antipsychotics are mainstay for management of patients diagnosed with schizophrenia. 7 American Psychiatric Association Practice Guidelines 2004 8 and its 2009 update, 9 the 2005 International Psychopharmacology Algorithm Project, 10 and the 2006 Texas Medication Algorithm Project 11 have recommended atypical antipsychotics as drugs of choice given that they exert an optimal efficacy 12, 13 and improved safety/ tolerability profile, 14 compared to those of typical antipsychotics. In developing countries such as Thailand, national clinical practice guideline allows the usage of both typical and atypical antipsychotics as recommended therapy. 15 As of currently, all typical (eg, haloperidol, chlorpromazine) and only some atypical (eg, risperidone, clozapine) antipsychotics have been included in the National List of Essential Medicines, 16 which is a standard coverage for beneficiaries in all main public health sectors in Thailand.
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O R I g I N A L R E S E A R C H
Due to the increasing health expenditures and budget constraints, cost-containment strategies have been implemented in most developed 17 and developing countries 18 to efficiently ensure expenditure control. The advocacy to use typical antipsychotics for new cases as well as switching of atypical to typical antipsychotics has been proposed as a potential cost-containment policy for schizophrenia management in Thailand. Still, clinicians and professional health care organizations voiced their concerns regarding the potential implications of such policy. Therefore, there is an urgent need to understand potential impacts of the antipsychotic switching policy on both clinical and economic aspects. This study aims to determine the effects of switching from atypical to typical antipsycho tics on hospitalization and health care cost in Thailand. We hypothesized that schizophrenia patients who switched from atypical to typical antipsychotics had higher risk for hospitalization and higher costs than those who continued on atypical antipsychotics.
Methods
Setting and data sources
A retrospective cohort study using electronic databases from university-based hospital and a tertiary psychiatric hospital in Bangkok, Thailand, was undertaken. The inpatient and outpatient database, and pharmacy and financial database were analyzed. Patients' demographic characteristics (eg, age, sex, insurance) and diagnostics code (International Classification of Disease version 10 [ICD-10]) were extracted from inpatient and outpatient databases. In Thailand, health coverage schemes 19 consisted of the Civil Servant Medical Benefit Scheme for government employees and state enterprise employees, the Social Security Scheme and Workman's Compensation Fund for private sector employees, the Universal Coverage Scheme and fee exemption for the poor and underprivileged, and others such as private insurance and out-of-pocket payments for patients who are uninsured. Information on drug's name, amount of drug prescribed, and treatment regimen were extracted from pharmacy database from October 2010 to September 2013. Information on date of payment, type of payment, and medical charges (medication, medical service, laboratory charge, and other 
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charges) were extracted from financial database. The study protocol was submitted to, and approved by, the Ethical Review Committees of both Ramathibodi Hospital and Somdet Choapraya Institute of Psychiatry in accordance with the Declaration of Helsinki. As this study is retrospective, the Ethical Review Committees deemed written informed consent is not required.
Patient selection and study period
Patients who visited outpatient departments in one of the university hospitals and one of the tertiary psychiatric hospitals in Bangkok metropolitan area and met the following inclusion criteria were included in the study: 1) diagnosed as schizophrenia (defined by ICD-10: F20.xx) during the period from October 2010 through April 2011; 2) aged 18 years or older; 3) received atypical antipsychotics (clozapine, olanzapine, quetiapine, aripiprazole, risperidone, paliperidone) at least 180 days before the date of switching to typical antipsychotics (index date) or not switching to typical antipsychotics or other atypical antipsychotics. Typical antipsychotics -both oral and parenteral dosage forms -comprise haloperidol, thioridazine, trifluoperazine, fluphenazine, perphenazine, zuclopenthixol, flupenthixol, and pimozide. Patients receiving a combination of atypical and typical antipsychotics during our study period were excluded. Patient data during the period of 180 days prior to the index date were used to determine propensity score and follow outcomes of interest of adult schizophrenia patients up to 2 years. Patients were categorized into two cohorts as follows: 1) atypical anti psychotic switching to typical antipsychotics group and 2) atypical antipsychotic continuation group by the index date defined as the date of switching from atypical to typical antipsychotics in the former cohort and the first date after continuation of atypical antipsychotics for 180 days in the latter cohort. The selection of cohort was shown in Figure 1 .
Outcomes of interest
Schizophrenia-related hospitalization according to ICD-10 (F20.xx) was selected as a primary outcome. The secondary outcomes were all-cause hospitalization, health care resource utilization, and related health care costs. Allcause hospitalization was described as any hospitalization that can be categorized by ICD-10 during the 2-year study period. Health care resource utilizations were measured in terms of number of outpatient visits, number of inpatient visits, and length of hospitalization. Total health care cost included outpatient-and inpatient-related costs and was not limited to the medication costs. Both total health care cost and medication costs were calculated from charges using a cost-to-charge ratio among Thailand University hospital which appeared to be 0.73. 20 
Statistical analysis
The baseline sociodemographic and clinical characteristics of patients were summarized using descriptive statistics and were compared using chi-square or Fisher's exact tests (for categorical variables) or nonparametric Wilcoxon rank-sum test (for numerical variables).
Primary analyses were conducted on patients in atypical antipsychotic continuation group and compared with atypical antipsychotic switching group. We performed sensitivity analyses on patients switching from atypical antipsychotics to other atypical antipsychotics to explore the consistency of the effect of atypical antipsychotic drugs class.
A multivariate logistic regression was used to determine associations of antipsychotic switching with schizophreniarelated and all-cause hospitalizations with the use of conditional logistic regression models for matched analysis, while a multivariate Poisson regression was used to determine associations of antipsychotic switching with schizophreniarelated and all-cause hospitalization rates. A multivariate generalized linear model with log-link function and gamma distribution was used to determine total health care cost, pharmacy cost, outpatient cost, and inpatient cost. The health care cost was converted to 2013 value using consumer price index 21 and was subsequently converted to US$ according to an exchange rate of 32.85 Thai bahts/US$. 22 Propensity score (PS) was calculated and used to adjust baseline characteristics imbalance between the two groups. For this purpose, logistic regression model was initially developed to estimate a propensity score for each patient based on baseline covariates including age, sex, health insurance, occupation, Charlson comorbidity index score, number of previous hospitalizations, and concomitant psychotropic medications (anticholinergics, antidepressants, mood stabilizers, and benzodiazepines). The propensity score was later applied as a matching variable to pair patients who switched antipsychotics to patients who continued on atypical antipsychotics using 1:1 nearest neighbor matching technique. The propensity score was also applied as a covariate in different analyses. Statistical analysis was performed using STATA version 12. The statistical significant level was set at P,0.05 in a two-sided test.
Results
Patient characteristics
As shown in Figure 2 , a total of 20,910 patients were identified; however, only 2,354 patients met our inclusion criteria. Applying a propensity score matching technique, the number Patient demographics are shown in Table 1 . The unmatched analysis of two groups yielded significant differences in age with a higher mean in atypical antipsychotics continuation, the average age was 42.8+13.6 years. Percentages of male were similar in both the groups. For matched cohort, there were no significant differences in any baseline characteristics between the two groups except for occupation.
Effects of antipsychotic switching on schizophrenia-related and all-cause hospitalizations
For unmatched cohort, the unadjusted odds ratios (OR) for schizophrenia-related and all-cause hospitalizations within 2-year follow-up between antipsychotic switching and antipsychotic continuation groups were 2.49 (95% CI 1.70-3.66) and 2.25 (95% CI 1.54-3.29), respectively. Based on a multivariable logistic regression analysis, the adjusted OR was 1.87 (95% CI 1.23-2.83) and 1.77 (95% CI, 1.17-2.68), respectively. Based on the PS-matched cohort, all observed hospitalizations were schizophrenia-related hospitalizations. The adjusted OR for schizophrenia-related hospitalizations within 2-year follow-up period was 4.62 (95% CI 0.99-21.62). In sensitivity analyses using atypical antipsychotic switching to other atypical antipsychotics as comparator, the outcomes result was similar to that obtained for primary analyses (Table 2) .
Based on multivariable Poisson regression analyses within unmatched cohort, the PS-adjusted incidence rate ratios for schizophrenia hospitalization and all-cause hospitalizations within 2 years were 2.44 (95% CI 1.57-3.79) and 2.89 (95% CI 2.16-3.86), respectively. For PS-matched cohort, the adjusted incidence rate ratios for schizophrenia hospitalization and all-cause hospitalizations were 2.18 (95% CI 1.34-3.56) and 2.34 (95% CI 1.66-3.31), respectively. The results of the sensitivity analyses also show similar incidence rate ratios (Table 3) .
Resource utilization during the follow-up period
The number of outpatient visits, inpatient visits, and length of stays were significantly higher in atypical antipsychotic switching group for unmatched cohort. However, in matched (Table 4) .
Health care cost utilization during the follow-up period
The adjusted differences in total health care cost for unmatched and matched cohort were -$64 (95% CI -$459 to $332) and -$222 (95% CI -$713 to $268), respectively.
When inpatient and outpatient costs were analyzed separately, there were no significant differences between the antipsychotic switching and continuation groups. In sensitivity analyses, outpatients health care cost in atypical antipsychotic switching to typical antipsychotics was lower than that observed for atypical antipsychotic switching to other atypical antipsychotics in unmatched cohort with a difference of $1,226 ($510-$1,942) for total outpatient cost and $1,208 
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($541-$1,875) for outpatient medication cost, but there was no significant difference for other outpatient costs and the results were similar to the matched cohort (Table 5) .
Discussion
To our knowledge, this is the first study to determine the effects of antipsychotic switching from atypical to typical antipsychotics in schizophrenia patients on hospitalization and health care cost. The results demonstrated that patients who switched from atypical antipsychotics to typical antipsychotics had an increased risk of schizophrenia-related and all-cause hospitalizations than patients who continued taking atypical antipsychotics. However, total health care costs are similar between the two groups. These findings warrant policy makers and stakeholders to carefully implement the atypical to typical antipsychotic switching program. Our study discovered higher rate of concomitant psychotropic drugs usage in atypical antipsychotic switching group 
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as compared to that of atypical antipsychotic continuation group. With reference to CATIE trial, the overall concomitant psychotropic drugs usage was found in 82% 23 of all treated patients. However, when redefined according to our study criteria by each agent -for instance, antidepressants -the proportion of use of antidepressants was found to be ∼38% in this study, but the proportion of use of other agents such as mood stabilizers was found be to be higher in our study than that observed in CATIE trial. The predictors for utilization of multiple concomitant psychotropic medications in CATIE trial were anxiety or depression, being female, and taking atypical antipsychotics. The other possible reason for usage of concomitant medications may relate to the lack of efficacy. 24 Although, there was no study evaluating the effect of atypical switching to typical antipsychotics, there were several studies comparing the effect of both classes on the risk of hospitalization in schizophrenia patients. [25] [26] [27] These studies revealed that atypical antipsychotic was associated with a lower or equal risk of hospitalization compared to typical antipsychotics. 26, 28 Also, in geriatric patients, studies showed a lower risk of hospitalization in patients using atypical antipsychotics than in patients using typical antipsychotics. 29, 30 Our study addressed a key message differently from what has been quoted by the previous studies. [31] [32] [33] Most studies compared the effect of antipsychotic switching from typical to atypical antipsychotics; 34 in contrast, our study addressed this issue in the opposite way. Despite the question being answered differently, the risk of hospitalization in patients receiving typical antipsychotics was higher than that in patients receiving atypical antipsychotics. The increased risk of hospitalization is hypothesized to be due to disease relapse among the patients who switched to typical antipsychotics. A previous study 34 indicated that atypical antipsychotics show superiority in relapse prevention compared to typical antipsychotics, which could lead to lower hospitalization rate. 32, 35 Our study elucidated that the total health care cost in atypical antipsychotic continuation group may be lower than that of atypical antipsychotic switching group due to a lower cost of hospitalization. This probably means that the lower cost of hospitalization in the atypical antipsychotic continuation group is not sufficient to offset higher medication cost. Our findings are consistent with a finding from a previous study that costcontainment policy focusing on reducing drug expenditures on chronically mentally ill patients results in unintended outcomes such as an increase in hospitalization and nursing home admission, and use of emergency mental health services. 36 The strengths of our study should be highlighted. First, we used databases from different settings (both university and psychiatric hospitals) to increase generalizability of our findings to wider schizophrenia patients seen in the mental health system in Thailand. Second, we measured outcomes longitudinally using 2-year follow-up period to capture outcomes in a natural course of schizophrenia as chronic mental illness since hospitalization is a proxy of relapse of disease. 37 Third, we used a state-of-art approach such as propensity score method to minimize residual confounding in our adjusted and matched analyses. The use of propensity score matching can help achieve balance between the covariates of the two groups. Therefore, the findings can be considered to mimic the outcomes observed by randomized control trials (RCTs). 38 Several limitations deserve discussion. First, according to a limitation of the hospital databases, information on reasons for antipsychotic switching, disease severity, and some socioeconomic information such as educational level and patient income were not available. Second, we did not take into account patient's adherence to antipsychotics, which was considered an important factor affecting hospitalization. It was clearly shown that partial nonadherence was directly associated with an increased hospitalization. 39 Third, because of the retrospective nature of the database analysis, our outcomes might not be completely captured as patients might be hospitalized in other health care facilities. Our findings might be underestimated in terms of the rate of hospitalization. Fourth, we could not separate cost analysis between generic and brand antipsychotics, and this may affect the total health care cost and medication cost because of the higher price of branded atypical antipsychotics.
Our findings have both clinical and policy implications that should be considered. Our study showed that switching from atypical antipsychotic to typical antipsychotic significantly increased the risk of hospitalization, approximately two times, without a difference in the total health care cost. These findings may caution clinicians to reconsider adverse effects of switching from atypical to typical antipsychotics, before switching the antipsychotics, in clinical practice and policy makers to carefully consider the potential impact of atypical to typical antipsychotic switching policy program before implementing the policy program at the national level.
Conclusion
In this study, we found an increased risk and rate of hospitalizations and increased health care resource utilization 
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in patients who switched from atypical antipsychotics to typical antipsychotics. However, health care cost was not significantly different between the two groups. Policy makers could potentially adapt these findings in developing prospective policies and practice guidelines for treatment in schizophrenia where resources are limited to achieve both clinical efficacy and cost-containment outcomes.
